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MEN

:   multiple endocrine neoplasia syndrome

PCV

:   packed cell volume

SDHAF2

:   succinate dehydrogenase complex assembly factor 2

SDHA

:   succinate dehydrogenase subunit A

SDHB

:   succinate dehydrogenase subunit B

TMEM127

:   transmembrane protein 127

TS

:   total solids

WBC

:   white blood cell

Pheochromocytoma is the most common adrenal medullary neoplasm of domestic animals,[1](#jvim13799-bib-0001){ref-type="ref"} but it is a relatively rare finding in horses. Only a few cases of pheochromocytoma have been reported in horses,[2](#jvim13799-bib-0002){ref-type="ref"}, [3](#jvim13799-bib-0003){ref-type="ref"}, [4](#jvim13799-bib-0004){ref-type="ref"}, [5](#jvim13799-bib-0005){ref-type="ref"}, [6](#jvim13799-bib-0006){ref-type="ref"}, [7](#jvim13799-bib-0007){ref-type="ref"} but it has been well described in dogs,[8](#jvim13799-bib-0008){ref-type="ref"} cattle,[9](#jvim13799-bib-0009){ref-type="ref"} and humans.[10](#jvim13799-bib-0010){ref-type="ref"}

Pheochromocytomas arise from the chromaffin cells of the adrenal medulla, which are postganglionic neurons of the autonomic nervous system.[1](#jvim13799-bib-0001){ref-type="ref"} Although frequently seen as solitary neoplasms, pheochromocytomas may develop concurrently with parafollicular cell tumors of the thyroid gland[11](#jvim13799-bib-0011){ref-type="ref"}, [12](#jvim13799-bib-0012){ref-type="ref"} in association with a multiple endocrine neoplasia (MEN) syndrome. Multiple endocrine neoplasia is defined as simultaneous neoplasia and hyperplasia of multiple endocrine tissues, and has been found to have a genetic basis in humans.[13](#jvim13799-bib-0013){ref-type="ref"} Such a syndrome previously has been described in horses,[14](#jvim13799-bib-0014){ref-type="ref"}, [15](#jvim13799-bib-0015){ref-type="ref"} cattle,[12](#jvim13799-bib-0012){ref-type="ref"} dogs,[16](#jvim13799-bib-0016){ref-type="ref"}, [17](#jvim13799-bib-0017){ref-type="ref"}, [18](#jvim13799-bib-0018){ref-type="ref"}, [19](#jvim13799-bib-0019){ref-type="ref"} cats,[20](#jvim13799-bib-0020){ref-type="ref"}, [21](#jvim13799-bib-0021){ref-type="ref"} and humans.[13](#jvim13799-bib-0013){ref-type="ref"}

Although bilateral disease has been described, as in humans, reports in horses most commonly describe unilateral, benign pheochromocytomas.[6](#jvim13799-bib-0006){ref-type="ref"}, [22](#jvim13799-bib-0022){ref-type="ref"} Functional pheochromocytomas are those that result in clinical signs arising from production and secretion of catecholamines, and are infrequently reported in animals.[1](#jvim13799-bib-0001){ref-type="ref"} In humans, pheochromocytomas often are functional, and human patients often present with a history of headaches, palpitations, diaphoresis, and severe episodic hypertension.[10](#jvim13799-bib-0010){ref-type="ref"} In case reports of horses with functional pheochromocytomas, clinical findings include tachycardia, profuse sweating, excitation, and muscle fasciculations.[2](#jvim13799-bib-0002){ref-type="ref"}, [7](#jvim13799-bib-0007){ref-type="ref"} Colic and intraperitoneal hemorrhage were reported in 2 affected horses.[5](#jvim13799-bib-0005){ref-type="ref"}

A number of diagnostic tests are available for antemortem diagnosis in humans, including hormone assays (urinary and plasma free metanephrine), computed tomography, magnetic resonance imaging, positron emission tomography, and scintigraphy, as well as testing for associated germline mutations.[10](#jvim13799-bib-0010){ref-type="ref"}, [23](#jvim13799-bib-0023){ref-type="ref"} Abdominal ultrasonography and surgical biopsy have been used for antemortem diagnosis in dogs.[8](#jvim13799-bib-0008){ref-type="ref"} By contrast, antemortem diagnosis of pheochromocytomas in horses is rare, with the majority of diagnoses occurring postmortem. The purpose of this study was to characterize the clinical, laboratory, and pathologic findings in horses with pheochromocytoma diagnosed at necropsy.

Materials and Methods {#jvim13799-sec-0008}
=====================

Electronic and hard copy medical records from the New Bolton Center at the University of Pennsylvania and the William R. Pritchard Veterinary Medical Teaching Hospital at the University of California -- Davis were searched for horses diagnosed with pheochromocytoma from January 1, 2007 to December 31, 2014. Information was recorded for signalment, history, presenting complaint, physical examination findings, clinicopathologic data, and postmortem examination findings for each horse.

Medical records were reviewed to determine whether the tumor was clinical or an incidental finding. Criteria for including cases in the clinical group were based on previous studies in dogs,[8](#jvim13799-bib-0008){ref-type="ref"} and included the presence of at least 1 of the following: weakness, collapse, dyspnea or tachypnea, seizures, tachyarrhythmias, colic, hemoperitoneum, or cardiac arrest, with no other obvious cause of death determined on postmortem examination. Definitive diagnosis of pheochromocytoma was based on histopathologic examination of samples collected on postmortem examination.

Statistical Analysis {#jvim13799-sec-0009}
--------------------

Descriptive statistics were used to report clinical and clinicopathologic findings. Numerical values are reported as medians and ranges unless otherwise specified.

Results {#jvim13799-sec-0010}
=======

A search of the medical records identified 37 horses with a confirmed diagnosis of pheochromocytoma on postmortem examination: 13 from the University of Pennsylvania and 24 from the University of California -- Davis. A total of 2,262 necropsies were performed on horses at the University of Pennsylvania and 1,832 necropsies were performed at the University of California -- Davis during the study period. Lesion prevalence at the University of Pennsylvania and University of California -- Davis was 0.6 and 1.3%, respectively, for a combined prevalence of 0.95%.

Of the affected animals, 15 were mares and 22 were geldings. Median age was 28 years (range, 13--38 years). The median age of the horses judged to have clinical pheochromocytomas was 17 years (range, 13--38 years) and the median age of those judged to have incidental pheochromocytomas was 27 years (range, 16--37 years). Breeds represented included Quarter Horse/Quarter Horse cross (8), pony breed (7), Arabian (6), Thoroughbred (4), Warmblood (3), Standardbred (3), Morgan (2), Appaloosa (1), Mustang (1), Paso Fino (1), and 1 of unknown breed. The most common presenting complaint was colic (13/37). Less common presenting complaints included recumbency or inability to stand (n = 6), weight loss (n = 3), chronic laminitis (n = 3), respiratory disease (n = 2), trembling (n = 1), epistaxis (n = 1), and ascites (n = 1). Seven of the horses were presented for euthanasia because of chronic conditions.

Pheochromocytoma was considered to have contributed to clinical signs and death in 7 of 37 cases (19%). Four of these horses had hemoperitoneum associated with a ruptured pheochromocytoma on postmortem examination, and all 4 of them were presented with signs of colic. In no instance was a definitive diagnosis of endocrinologically active pheochromocytoma made based on serum or urinary assays of catecholamines or their metabolites. The remaining 30 animals were determined to have incidental pheochromocytomas (81%).

Tachycardia (heart rate \>40 bpm) was identified in 20/21 cases (95%) in which heart rate was recorded, with a median heart rate of 68 bpm (range, 44--136 bpm) in tachycardic horses. Heart rate was not recorded in 16 horses, either as a result of incomplete medical records or because horses were presented solely for necropsy after euthanasia. Median heart rate in the 7 horses judged to have clinical pheochromocytomas was 86 bpm (range, 44--136 bpm). Blood pressure was not measured in any horse, and no horses had cardiac arrhythmias on auscultation, but 8/21 (38%) were noted to have a cardiac murmur. Severe sweating was noted in 2/21 horses, and muscle fasciculations were noted in 6/21.

Antemortem packed cell volume (PCV) and total solids (TS) were available in 12 horses, with a median PCV of 43% (range, 32--65%) and median TS of 6.95 g/dL (range, 5.7--8.2 g/dL). Hyperlactatemia (peripheral lactate concentration \>2.0 mmol/L) was noted in 9/10 cases where available, with a median value of 4.9 mmol/L (range, 2.6--16.4 mmol/L). Hyperglycemia (blood glucose concentration \>114 mg/dL) was noted in 10/14 cases, with a median glucose concentration of 183.5 mg/dL (range, 96--825 mg/dL). Although 7/16 horses had leukocytosis (WBC \>10,500/μL), none had a lymphocytosis as may be expected in an epinephrine‐stimulated leukogram.

On postmortem examination, pheochromocytoma was determined to be unilateral in 33 (89%) cases (18 right, 12 left, 3 unspecified) and bilateral in 4 (11%) cases. Pheochromocytomas were defined as benign when well encapsulated and confined to the affected adrenal gland (Fig. [1](#jvim13799-fig-0001){ref-type="fig"}) and as malignant when they effaced normal adrenal architecture and invaded the ipsilateral vasculature. Eight of 37 were classified as malignant (22%) and 29 of 37 were classified as benign (78%). One of the 8 malignant cases was associated with metastasis to the brain and pulmonary parenchyma. Histologically, the majority of tumors were highly vascular, with cuboidal to polygonal neuroendocrine cells arranged in nests and packets surrounded by a fine fibrovascular stroma interspersed with coalescing foci of hemorrhage (Fig. [2](#jvim13799-fig-0002){ref-type="fig"}).

![(**A**) Left and right kidney and adrenal gland of a horse showing pheochromocytoma of the right adrenal gland. (**B**) Mottled, cut section of the pheochromocytoma seen in image A. (**C**) Depicted is a well‐demarcated pheochromocytoma with associated compression and atrophy of the adjacent adrenocortical tissue on cut section of an adrenal gland from an adult horse (photo credit Dr. Suzanne Stewart). (**D**) Ruptured pheochromocytoma causing hemoperitoneum in adult horse (photo credit Dr. Suzanne Stewart).](JVIM-30-309-g001){#jvim13799-fig-0001}

![Nests and cords of neoplastic neuroendocrine cells are homogeneously ovoid to polygonal and are intimately associated with blood‐filled vascular spaces. Pheochromocytoma, equine adrenal gland, hematoxylin and eosin‐stained section, 200× magnification.](JVIM-30-309-g002){#jvim13799-fig-0002}

Twenty‐seven horses also had other endocrine tumors identified on postmortem examination, including thyroid adenoma (n = 8), parathyroid C‐cell carcinoma (n = 1), adrenal hyperplasia (n = 9), and pituitary pars intermedia hyperplasia or adenoma (n = 18). Of these, 8 had at least 3 disorders of growth within the endocrine system.

Discussion {#jvim13799-sec-0011}
==========

Our study indicates that pheochromocytomas are rare in horses, with a postmortem examination incidence of 0.95%, and that generally they are clinically silent. An incidence of approximately 3% has been reported in humans in a study evaluating patients presented for adrenal incidentalomas,[24](#jvim13799-bib-0024){ref-type="ref"} with pheochromocytoma occurring in 0.2--0.6% of human patients with hypertension.[10](#jvim13799-bib-0010){ref-type="ref"} Pheochromocytomas appeared to contribute to clinical disease in 20% of horses examined, with the remainder being incidental. This observation is in contrast to dogs, in which 34% were reported to be clinical.[8](#jvim13799-bib-0008){ref-type="ref"} However, the distinction between clinical and incidental pheochromocytomas is indistinct because many of the signs that could be attributed to excess catecholamine secretion from an active pheochromocytoma (eg, increased heart rate, hyperlactatemia, pain) also could be caused by hemorrhagic shock, other forms of colic, or systemic disease. The study population of horses was geriatric, with a median age of 28 years. A study in dogs found that pheochromocytomas developed in middle‐aged to older dogs and found no sex or breed predisposition.[8](#jvim13799-bib-0008){ref-type="ref"} Similarly, no breed predilection was noted in our study.

The most common presenting complaint was colic, a vague clinical sign that may be associated with a number of diseases. Although nonspecific, tachycardia was seen in 95% of horses, with the median heart rate in horses with putatively clinical pheochromocytoma being markedly increased at 86 bpm. Tachycardia may be associated with the adrenergic effects of catecholamines produced by neoplastic cells of the adrenal medulla, but alternatively could be caused by pain or hemorrhagic shock. Sweating and muscle tremors also were seen in our study and may be caused by β‐adrenergic stimulation. Catecholamine release by pheochromocytomas may result in systemic hypertension, and such findings have been reported in affected dogs and humans.[6](#jvim13799-bib-0006){ref-type="ref"}, [8](#jvim13799-bib-0008){ref-type="ref"}, [10](#jvim13799-bib-0010){ref-type="ref"} Unfortunately, no blood pressure measurements were available for the horses in our study, and none of them had any diagnostic testing performed to confirm the presence or endocrine activity of the tumor. Other signs of pheochromocytoma in humans include weakness, nausea, abdominal pain, tremors, and anxiety or a "sensation of doom." Anxiety is, however, difficult to characterize in horses. The intraperitoneal hemorrhage seen in 4 horses is of particular note. Previous case reports in horses have described intraperitoneal hemorrhage in association with pheochromocytomas, suggesting that vascular integrity within these tumors is poor, which may result in bleeding.[5](#jvim13799-bib-0005){ref-type="ref"} Other causes of intraperitoneal hemorrhage in horses include splenic rupture, rupture of the uterine artery in periparturient mares, coagulopathy, or other neoplasia.[25](#jvim13799-bib-0025){ref-type="ref"}

Although most pheochromocytomas are associated with the adrenal glands, in humans, approximately 10% are found in extra‐adrenal sites. In humans, pheochromocytomas are sometimes referred to as the "10% tumor," because "approximately 10% occur above the diaphragm, 10% of intra‐abdominal pheochromocytomas are extra‐adrenal, 10% are bilateral, 10% are multiple, 10% are familial, 10% are malignant, and 10% recur post‐operatively".[26](#jvim13799-bib-0026){ref-type="ref"} The most common extra‐adrenal site of pheochromocytoma in humans is the para‐aortic region between the diaphragm and caudal pole of the kidney.[22](#jvim13799-bib-0022){ref-type="ref"} Other extra‐adrenal sites include the uterus, ovary, retroperitoneum, lumbar spine, bladder, ocular orbit, heart, mediastinum,[27](#jvim13799-bib-0027){ref-type="ref"} and also in the Organ of Zuckerkandl, a chromaffin body at the aortic bifurcation that acts to regulate blood pressure by catecholamine release during fetal development.[28](#jvim13799-bib-0028){ref-type="ref"} In our study, no extra‐adrenal pheochromocytomas were identified in affected horses.

Diagnosis of pheochromocytoma in human patients is based on characteristic history and clinical signs, plasma metanephrine testing, urinary catecholamine measurement, and advanced imaging.[10](#jvim13799-bib-0010){ref-type="ref"} Plasma metanephrine testing has not been well described in the horse and is limited by assay availability and likely a lack of clinical suspicion prompted by the impression that pheochromocytomas are a rare or implausible differential diagnosis. Venous norepinephrine concentrations have been proposed for the diagnosis of pheochromocytoma in horses, but use of this assay has not been reported in horses with pheochromocytoma.[6](#jvim13799-bib-0006){ref-type="ref"} Hyperglycemia is a common finding in human patients with pheochromocytoma,[23](#jvim13799-bib-0023){ref-type="ref"} and was a notable feature in our study, with marked hyperglycemia of 825 mg/dL being observed in 1 horse with ruptured pheochromocytoma, and a median blood glucose concentration in clinical cases of 422 mg/dL. In humans, marked hyperglycemia is attributed to catecholamine stimulation of lipolysis, leading to subsequent inhibition of glucose uptake by muscle cells.[23](#jvim13799-bib-0023){ref-type="ref"} By contrast, in a study of affected dogs, only 7 of 45 had documented hyperglycemia.[8](#jvim13799-bib-0008){ref-type="ref"} Hyperlactatemia also was a notable clinicopathologic finding in our study and may have been associated with catecholamine‐mediated vasoconstrictive ischemia, the metabolic effects of epinephrine on gluconeogenesis, or hemorrhagic shock in horses with intraperitoneal hemorrhage. In humans, hyperlactatemia is a rare but recognized effect of pheochromocytoma,[29](#jvim13799-bib-0029){ref-type="ref"}, [30](#jvim13799-bib-0030){ref-type="ref"} especially in association with tumor manipulation during adrenalectomy.[31](#jvim13799-bib-0031){ref-type="ref"}

Abdominal ultrasonography is used in dogs to visualize the adrenal glands, but a positive diagnosis of pheochromocytoma cannot be made exclusively by use of ultrasonography.[8](#jvim13799-bib-0008){ref-type="ref"} Transcutaneous and transrectal abdominal ultrasonography has the potential to identify adrenal tumors in horses if the tumors are large enough and in a location that is sonographically accessible. Gene sequencing may have potential application in the future for the diagnosis, treatment choices and prognosis of pheochromocytomas in humans and animals. Mutations in the succinate dehydrogenase complex assembly factor 2 (SDHAF2), succinate dehydrogenase subunit A (SDHA), and transmembrane protein 127 (TMEM127) genes have been associated with pheochromocytoma in humans.[32](#jvim13799-bib-0032){ref-type="ref"} Germline mutations of the succinate dehydrogenase subunit B (SDHB) gene are most frequently associated with aggressive pheochromocytomas that result in poor survival, and 50% of patients with metastatic pheochromocytoma carry SDHB mutations.[33](#jvim13799-bib-0033){ref-type="ref"}

Eight horses in our study had pathologic findings consistent with MEN. This syndrome has been well described in humans[34](#jvim13799-bib-0034){ref-type="ref"} and has been reported in horses.[14](#jvim13799-bib-0014){ref-type="ref"}, [15](#jvim13799-bib-0015){ref-type="ref"} Multiple endocrine neoplasia is defined as simultaneous neoplasia and hyperplasia of multiple endocrine tissues. These neoplasms arise from cells that share the ability for amine precursor uptake and decarboxylation.[14](#jvim13799-bib-0014){ref-type="ref"} Although isolated case reports of MEN have been described in dogs, the clinical relevance of genetic mutations associated with this finding have not been determined.[16](#jvim13799-bib-0016){ref-type="ref"}, [17](#jvim13799-bib-0017){ref-type="ref"}, [18](#jvim13799-bib-0018){ref-type="ref"}, [19](#jvim13799-bib-0019){ref-type="ref"} Our findings seem most similar to Type 2 MEN described in humans, an autosomal dominant inherited syndrome that may be subdivided into 2 forms.[34](#jvim13799-bib-0034){ref-type="ref"} Type 2a MEN (Sipple\'s syndrome) is characterized by the concurrent appearance of medullary thyroid carcinoma, hyperparathyroidism, and pheochromocytoma. In Type 2b MEN, hyperparathyroidism is absent.[34](#jvim13799-bib-0034){ref-type="ref"} Multiple endocrine neoplasia may be associated with C‐cell carcinomas and parathyroid gland hyperplasia. Unfortunately, the parathyroid gland rarely is identified during postmortem examinations in horses. The occurrence of thyroid adenomas, pheochromocytoma, and C‐cell carcinomas has been described in horses with suspected MEN.[14](#jvim13799-bib-0014){ref-type="ref"} In bulls, adrenal medullary hyperplasia was noted to precede the development of pheochromocytoma.[11](#jvim13799-bib-0011){ref-type="ref"}, [12](#jvim13799-bib-0012){ref-type="ref"} In our study, 49% of horses with pheochromocytomas also had pituitary pars intermedia hyperplasia or adenomas on postmortem examination. This frequency is considerably higher than described in a recent study, which reported a prevalence of 21.2% in horses \>15 years,[35](#jvim13799-bib-0035){ref-type="ref"} a discrepancy possibly due to the fact that the median age of horses in our study was 28 years. Nonetheless, it is possible that these pituitary adenomas are a form of type 1 MEN, which in humans includes the presence of pituitary adenomas.[36](#jvim13799-bib-0036){ref-type="ref"}

Additional research is required to evaluate the diagnosis of metabolically active (catecholamine‐secreting) pheochromocytomas in horses using serum and urine assays or imaging modalities. Doing so requires increased awareness of the expected clinical presentation of pheochromocytoma so that it is included in the differential diagnosis by practitioners evaluating horses with compatible clinical signs. In conclusion, although a fairly rare finding in horses, pheochromocytoma may contribute to clinical disease and should be considered in horses presented for colic or intraperitoneal hemorrhage.
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